Abstract A study to determine the potential of Mopani worm (Gonimbrasia belina) as a feed ingredient for partial or whole replacement of fish meal as a protein source in fish diets was conducted at the National Aquaculture Research and Development Centre (NARDC) in Mwekera, Kitwe from February to 5 th June 2012. A Complete randomized design (CRD) with four treatments was used with three experimental feeds meant to address growth rate and condition factor were formulated to contain 30%±1 crude protein. Inclusion of G. belina as feed ingredient varied as follows; 100%, 75% and 50% in treatments 1, 2 and 3 respectively. No proximate analysis was done on the feed ingredients before formulation; instead the nutrient values used were in accordance with nutritional books guidelines. After formulation the actual feeds contained 28.1%, 25.0% and 26.3% crude protein. The fish were fed twice daily, at 4% of their body weight. Sampling was done biweekly for weight (Wt), standard length (SL) and total length (TL). The weight gain, daily weight gain, specific growth rate (SGR) and condition factor were calculated for each treatment. After 14 weeks experimental period, samples of the carcasses for each treatment were subjected to proximate chemical analysis. The results showed that there was no significant difference in growth patterns between the treatments. However, the results indicated that treatment 3 containing 50% G. belina inclusion had the highest growth performance. Generally, what can be concluded is that with further research G. belina can be incorporated into fish feed production to partially replace fish meal. This however can only be done after studies have been conducted on their amino acid profiles and analyses have been done on whether these profiles suit the fish's amino acid requirements.
Introduction
Protein is the most expensive dietary macronutrient and directly affects fish weight gain (Abdelghany, 2000 and Ng et al., 2001) . Thus, for a proper growth performance of fish a sufficient amount of dietary protein is indispensable. According to Akiyama et al., (1997) , the balance of the protein essential amino acids (EAA) was also fundamental since fish had quantitative requirements for each EAA.
Gonimbrasia belina (Mopani worm) was a large edible caterpillar locally known as 'finkubala' in Bemba (a Zambian local language). The Mopani Worm (G. belina) was a moth species found in Southern Africa. Mughogho and Munthali (1995) reported that it was a species of emperor moth which belonged to the family Saturniidae and that it widely occurred in Brachystegia and Mopani woodlands.
According to FAO (2004) caterpillars were already an important source of protein in many countries in Africa. They were also known to be of very high nutritional value. "For every 100grams of dried caterpillars there are about 53 grams of protein, about 15 percent fat and about 17 percent carbohydrates. Their energy value amounted to about 430 kilocalories per 100 grams. The insects were also believed to have a higher proportion of protein and fat than beef and fish with high energy value. Depending on the species, caterpillars were rich in minerals such as potassium, calcium, magnesium, zinc, phosphorus and iron, as well as various vitamins. Hundred (100) grams of insects provided more than 100 percent of the daily requirements of the respective vitamins and minerals", FAO (2004) . "Fifty (50) grams of dried caterpillars met the daily requirements of riboflavin and panthanoic acid and also 30 % of the requirements of niacin," Malaisse (2007) .
Materials and Methods
A study to determine the potential of Mopani worm (Gonimbrasia. Belina) as a feed ingredient for partial or whole replacement of fish meal as a protein source in fish diets was conducted at the National Aquaculture Research and Development Centre (NARDC) in Mwekera, from February to June 2012. NARDC is located in Kamfinsa area in the outskirts of Kitwe.
Diet formulation
Feed was formulated using trial and error method because the formulation method made it possible for continuous manipulation until every nutrient required for the fish was met. The experiment contained a total of four treatments, one of which was control, where no feed was administered to the fish while the other treatments were made to contain 30% crude protein.
The composition of crude protein was made by three ingredients; G. belina, fish meal and soya bean meal, the compositions of which varied from treatment to treatment as (Table 1) . Most of the ingredients used in the study were purchased from the local market. The Mopani worm (Gonimbrasia belina) and the Kapenta originated from Mpulungu and Siavonga respectively. All ingredients were measured according to the specifications of the formulae. The dry ingredients were ground in hammer mills to fine particle sizes before the feed was made. The ground ingredients were mixed in the proportions dictated by the formula by hand because the quantities were too small for the use of the mixer at the station (NARDC). One and half (1.5) liters of water was added to the mixture until a consistency that could be made into pellets was achieved (Table 2) . During formulation all the feeds were done to contain 30% ±1 crude protein (CP). However, after the proximate chemical analysis of the feed samples was done, it was discovered that the crude protein (CP) was much lower than initially thought. For example, in treatments 1, 2 and 3, it was 28.1%, 25.0% and 26.3% respectively, which showed that the feed ingredients were not of very good quality (Table 3) . Thus the book values of nutrient content varied significantly from the actual nutritional values of the feed ingredients. It would be advisable that if a similar experiment were carried out, proximate chemical analysis should be conducted on the ingredients before commencement of feed formulation.
Experimental Design and Culture conditions
In this study, Oreochromis Macrochir was raised in hapas. It was a complete randomized design (CRD) and each treatment was replicated three times; which meant that a total of twelve hapas were used in the experiment. However, a hapa was set up in a separate pond for the purpose of conditioning the fish collected from another pond before being stocked in various hapas. The fish (O. macrochir) was not fed until they were moved to experimental hapas.
Liming of the pond
Whilst this was being done, the pond containing experimental hapas (whose areas were 0.5m×1m each) which had already been set up was limed (Figure 1 ). The lime was allowed to stand for a day after which the pond was filled with clean water in readiness for the stocking of fish.
Sample selection
A total of 30 fish with a mean individual weight of 9.20g were stocked in each experimental hapa. The fish were collected and the following measurements taken; standard length and total length using a measuring board and weights were taken using a scale. Prior to that fish were mildly sedated using Clove in order to minimize stress during sampling. The fish were starved for another additional twenty-four hours before the administering of experimental feed commenced. The experimental fish were fed twice per day (at 10:00hrs and at 15:00hrs) at 4% of their body weight.
Sampling
Fish were sampled biweekly for weight, standard length and total length. Some water quality parameters were collected on a daily or regular basis.
Growth performance was calculated as follows:
Weight gain =W2-W1
Where; W1 and W2 were the initial and final weight of fish, respectively.
Daily weight gain= Weight gain/T;
Where; T is the experimental period. 100 × (Length of fish³/ weight of fish).
Proximate analysis of experimental fish
At the end of the experiment, some fish as well as the experimental feeds were subjected to proximate analysis (Table 4) . This was done at The National Institute of Scientific and Industrial Research (NISIR) in Lusaka. Figure 2 gives the mean weights for the fish over 14 weeks. Table 5 ). The weight gain in treatment 4 was very different from that of the other three treatments in that growth was slow ( Figure 2 ). For treatments 1, 2 and 3 the growth pattern was similar for the first four weeks where it increased constantly. However, after four weeks, treatment 3 continued to show constant growth right through to week 8, after that it went down slightly and picked up to end up with the highest weight value. In treatment 2 the growth of fish slowed down up to the 8 th week when it began to pick up, peeking in week 12
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and then slowing down and ending up below treatment 3. Treatment 1 begins to peak after week 4 up to week 8 then growth curve fell in week 9, from here it began to rise again. Similarly, Figures 3 and 4 showed increases in standard length and total lengths over the 14 weeks experimental period. The graphs are very similar to each other, showing a constant increase with similar trends between the two graphs. The major difference between the two graphs is that between weeks 12 and 14 treatment 3 showed an increase in standard length allowing it to show the most growth.
Although some mortality occurred between the period of stocking and first sampling which were attributed to stress or excessive handling during stocking, measures were taken to mildly sedate the fish during all sampling. As shown in Table 5 , survival rate in the Hapas ranged between 50 and 90 %. However, at the end of the experimental period some fish deemed to have died were found in the pond after it was completely drained. That in itself was an indication that the reduction on numbers of fish had been due to According to a study by Otubusin et al., (2009) on feeding trials containing local protein sources i.e.; Soya bean meal, blood meal and groundnut meal there were no significant differences in the final mean weight, SGR, FCR and survival among the fish under all treatments. A similar situation is seen in this study, other than the control there was no significant difference between the treatments in terms of weight gain.
There are mixed notions about whether G. belina is a sustainable food source. The information on G. belina sustainability is mixed, quite scanty and mostly old.
Thus it would be difficult to conclusively say whether it may be used in feed formulation sustainably especially for whole replacement of fish meal in fish feed diets. According to Ditlhogo, 1986 and Allotey et al., (1996) , when available they are nearly always harvested, but because of the population fluctuations from year to year they are not a reliable food source. Dreyer and Wehmeyer (1982) reported that in South Africa 1600 tonnes per annum of G. belina is reported to enter channels of commerce, this is excluding those privately collected and consumed or sold. DeFoliart (1995) also observed that in Harare, Zimbabwe, a local company that packages caterpillars had 90 tonnes to handle when he visited them.
Conclusion
The Generally, what can be concluded is that with further research G. belina can be incorporated into fish feed production to partially replace fish meal fish feed diets. This however can only be done after studies have been conducted on their amino acid profiles and analyses have been done on whether these profiles suit the fish's amino acid requirements. Similarly, an increase was observed in standard length and total lengths over the 14 weeks experimental period. Survival rate in the Hapas ranged between 50 and 90 % although the reduction on numbers of fish had been due to fish escaping from the hapas through holes created as a result of aging netting material used in the construction as opposed to mortalities.
